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@ Light-source device. 

@ A light-source device includes a light source 
and a light-pervious flat board (11), the light 
source (a) being optically connected to one side 
of the flat board (11) for introduction of light 
into the flat board (11) so that the incoming light 
is caused to be reflected from other side of the 
flat board (11) therewithin for being directed 
outward from the flat board (11), the light ref- 
lecting side (12) of the flat board (11) being 
indented to provide a surface having a serrated 
sectional configuration. 
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Background of the Invention 

1. Field of the Invention 

The present invention relates to a light-source 
device for illuminating linear fields which is mainly in- 
tended for use in illuminating documents to be read by 
facsimile, image scanner, bar code reader or the like 
means, as well as for use in static-discharging of the 
photo-receptor drum of a copying machine, a printer 
or the like. 

2. Description of the Prior Art 

Hitherto, light-source devices of this kind have 
been known such that light emitting diodes are ar- 
ranged in a row on a circuit board (see, for example, 
Japanese Published Unexamined Patent Application 
No 47692/1977). 

With such known light-source device, however, 
the problem is that light beams produced from the 
light source are not sufficiently utilized In an effective 
manner in illuminating linear fields. 

Summary of the Invention 

In accordance with the invention there is provid- 
ed a light source device comprising a light source and 
a light-pervious flat board, the light source being opt- 
ically connected to one side of the flat board for intro- 
duction of light into the flat board so that the incoming 
light is caused to be reflected from the other side of 
the flat board therewithin for being directed outward 
from the flat board, the light reflecting side of the flat 
board being indented to provide a surface having a 
serrated sectional configuration. 

The light source may comprise a substrate having 
a recess formed in the surface thereof , light- 
emitting diodes arranged on the bottom of the re- 
cess, and a conductive reflective film formed on the 
surface of the recess, the light-emitting diodes being 
electrically connected to an external power source via 
the conductive reflective film. 

The conductive reflective film may be divided into 
two segments, the anodes and cathodes of the di- 
odes being connected to the external power source 
via one of the segments and the other segment, re- 
spectively. 

The surface serrated in sectional configuration 
may be made larger in area in proportion as the sur- 
face is more distant from the light source. 

Another aspect of the invention is a light source 
according to claim 5 separate from the light source 
device. 

Brief Description of the Drawings 

Fig. 1 is a perspective view of Embodiment 1 of 



the present invention; 

Fig. 2 is a section taken in the direction of Y - Y' in 
Fig. 1; 

Fig. 3 is a view for explaining the wiring pattern 

5 in Embodiment 1; 

Fig. 4 is a circuit diagram showing electrical con- 
nections in Embodiment 1; 
Fig. 5 is a perspective view of Embodiment 1 ar- 
rangement as seen from the back side thereof; 

10 Fig. 6 is a perspective view showing a modified 
form of Embodiment 1 ; 

Fig. 7 is a perspective view showing Embodiment 
2 of the invention; 

Fig. 8 is a section taken in the direction of Y- Y' in 
15 Fig. 7; 

Fig. 9 is a fragmentary plan view of the embodi- 
ment shown in Fig. 7; 

Fig. 10 is an enlarged view of portion A in Fig. 9; 
Fig. 11 is a view for explaining the optical path in 

20 the embodiment shown in Fig. 7; 

Fig. 1 2 is an enlarged view of portion B in Fig. 1 1 ; 
Fig. 13 is an enlarged view of portion C in Fig. 11; 
Fig. 14 is an explanatory view showing the lumi- 
nance distribution in the direction of Z axis at a 

25 position 5 mm above the light output plane in Em- 

bodiment 2; 

Fig. 15 is an enlarged perspective view showing 
parts in Fig. 7; 

Fig. 16 is a perspective view of a light-source de- 
30 vice representing Embodiment 3 of the invention; 

Fig. 17 is a perspective view showing parts in Fig. 
16; 

Fig. 1 8 is a fragmentary plan view of the arrange- 
ment shown in Fig. 17; 
35 Fig. 19 is a fragmentary enlarged view of the ar- 

rangement shown in Fig. 17; 
Fig. 20 is a perspective view of the light source 
employed in the light-source device of Embodi- 
ment 3; 

40 Fig. 21 is a fragmentary sectional view of the ar- 

rangement in Fig. 20; 

Fig. 22 is an explanatory view showing an optical 
path in the light-source device of Embodiment 3; 
Fig. 23 is an illuminance distribution curve with 
45 respect to the light-source device of Embodiment 

3; 

Fig. 24 is an enlarged view showing a portion of 
the light-source device of Embodiment 4 to which 
the light source is mounted; 

so Fig. 25 is a fragmentary view explanatory of an 
optical path in Embodiment 4; and 
Fig. 26 is an explanatory view showing optical di- 
rectional characteristics of the light-source de- 
vice, with (a) for Embodiment 3 and (b) for Em- 

55 bodiment 4. 
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Detailed Description of the Preferred 
Embodiments 

Embodiments of the invention will now be descri- 
bed in detail with reference to the drawings. It is not 
intended that the invention is limited by the embodi- 
ments. 

Embodiment 1 

Fig 1 is a perspective view showing schematically 
the light source of Embodiment 1 of the present inven- 
tion; Fig. 2 is a section taken in the direction of Y - Y* in 
Fig. 1; and Fig. 3 is a detail view of a part of the wiring 
pattern formed on the substrate (a plan view taken 
from the direction of light emission). Fig. 4 shows 
electrical wire connection in the present embodiment 
Fig. 5 schematically shows the construction of the 
embodiment at a side opposite to the direction of light 
emission (or the back side of the substrate). 

As Figs. 1 to 3 illustrate, on the surface of a light- 
shieldable resin substrate 1 formed with a ditch-like 
recess and having a length of 270 mm (in X - X' direc- 
tion), a width of 5 mm (in Y - Y direction) and a thick- 
ness of 5 mm (in Z - Z' direction) there is laid a con- 
ductive metal film 3 formed by aluminum vapor de- 
position, electroless gold plating or the like technique. 
The metal film is partially removed by photoetching or 
the like technique, with electric insulation zones 9 
formed thereby, to provide an electric wiring pattern. 

The substrate 1 is fabricated by injection molding 
from a heat-resistant resin, such as liquid crystal poly- 
mer. On the bottom of the groove of the substrate 1 
are packaged 36 GaP light-emitting diode chips 2 
(with a light emission wavelength of 565 nm) in a row 
(in X - X* direction) and at equispaced intervals of 7.2 
mm pitch. Each light-emitting diode chip 2 is fixed by 
silver paste to the substrate 1 on a cathode connect- 
ing land formed at the bottom of the substrate inte- 
grally with the wiring pattern, which fixing is effected 
simultaneously as the cathode is die-bonded and 
electrically connected to the wiring pattern 3 on the 
substrate. 

The anode of each light-emitting diode chip 2 is 
electrically connected to an anode connecting land 
formed on the substrate, by being wire-bonded by 
gold wire 6 to the land. The concave portion of the 
ditch formed on the substrate presents a parabolic 
surface as viewed in the Y- Y* direction, and a larger 
part of the surface is formed with a metal film 3 con- 
stituting a part of the wiring pattern which acts as a 
reflector having a function to reflect frontward light 
beams emitted sideward from light-emitting diode 
chips (with a reflectance of about 0.8). 

All the light-emitting diode chips 2 mounted at the 
bottom of the ditch of the substrate, gold wires 6 con- 
necting the light-emitting diode chips 2 with the sub- 
strate 1 ,concave-surfaced reflector metal film 3, load 



resistance elements 7 of the light-emitting diode chips 
2 are integrally sealed by a light-pervious epoxy resin 
mass 5, and the surface portion of the resin forms a 
cylindrical lens having a concave portion 4 with re- 

5 spect to the direction of Y - Y\ 

In order to minimize the decrease of illuminance 
(i.e., illuminance ripple in the X- X' direction) in a sub- 
ject field in front of any position at which a light- 
emitting diode chip 2 absent (or a gap between adja- 

10 cent light-emitting diode chips), the light-pervious 
resin 5 used for sealing purposes contains Si0 2 (sili- 
ca) powder that serves as a light scattering agent. 

The metallic wiring pattern on the substrate 1 , as 
shown in Fig. 4, is patterned in such a way that light- 

15 emitting diode chips in units of six are connected in 
series so that six sets of serial circuits thereof are 
connected in parallel. Each of the six sets of serial 
units has one load resistance element 7 connected 
thereto in series, and the resistance element 7 is sur- 

20 face-mounted by soldering on a load resistance con- 
necting land provided in a space adjacent to the light- 
emitting diode chip 2. 

The wiring pattern on the substrate, as shown in 
Fig 3, is guided across the surface of the substrate 

25 until it reaches a side (undersides opposite to the side 
on which the substrate is recessed, and terminals 8 
are provided on the underside of the substrate for 
electrical connection with an external power source. 
Operation of the arrangement of Embodiment 1 

30 will now be explained. 

When an external power source is connected to 
an electric connection terminal 8 on the underside of 
the substrate 1, electric current flows via the wiring 
pattern on the substrate to all light-emitting diode 

35 chips 2 packaged on the substrate, and the light- 
emitting diode chips 2 emit light beams (with an emis- 
sion wavelength of 565 nm). 

Light rays emitted from each light-emitting diode 
chip 2 pass through the light-pervious resin 5 which 

40 seals the chips and gold wires 6, and some of the rays 
reach the surface 4 of the resin. Some of the light 
rays which have been emitted frontward of the light- 
emitting diode chip 2 and have reached the seal resin 
surface 4 are refracted at the convex resin surface, 

45 being then directed outward. In this case, because of 
the fact that the surface of the sealing resin 5 is con- 
figured to be a cylindrical lens having a convex lens 
function with respect to the Y - Y\ direction, light rays 
which have passed through that surface portion are 

so collected more closely along the optical axis of the 
lens with respect to the Y - Y* direction. Some of the 
light rays emitted laterally or in the Y - Y' direction 
from the light-emitting diode chip are reflected front- 
ward from the metal film (reflector) 3 placed on the 

55 surface of the recessed portion of the substrate, then 
becoming incident on the cylindrical lens 4. Light rays 
passing through the cylindrical lens 4 are gathered in 
the Y - Y' direction before they reach a predetermined 
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linear field which is an illumination subject. 

Nextly, a modified form of this embodiment will 
be described. 

As Fig. 6 illustrates, separate metal films (con- 
cave mirrors) 3 on which and a chip-connecting gold 
wire 6 are mounted are provided for individual light- 
emitting diode chips 2, and the respective metal films 
3 are of such modified arrangement that they function 
to reflect frontwardly light rays emitted laterally are in 
the X - X' direction with respect to the chips. 

In this way, light rays emitted frontwardly of each 
light-emitting diode chip are collected by a cylindrical 
convex lens formed on the surface of a light-pervious 
resin which seals the chip, and light rays emitted side- 
wardly of the chip are reflected frontwardly by a con- 
vex mirror formed on the substrate integrally there- 
with. Therefore, light rays incident on the cylindrical 
lens within an effective range will increase, it being 
thus possible to achieve improved utilization of light. 

Further, it is possible to obtain higher intensity of 
illumination with the same power consumption as in 
the past, and where the illuminance is held at the 
same level as in the past, the number of light-emitting 
diode chips required to be loaded can be curtailed 
which results in cost reduction, and drive current for 
the light-emitting diodes can be economically control- 
led, which results in prolonged life of chips, increased 
reliability, and reduced running cost. 

Moreover, the lightsource is very compact in con- 
struction because of the use of a reflector-packaged 
wiring board, and this provides for equipment minia- 
turization. 

Embodiment 2 

Fig. 7 is a perspective view of a light-source de- 
vice representing Embodiment 2 of the present inven- 
tion, and Fig. 8 is a section of the device taken in the 
direction of Y - Y\ 

Fig. 9 is a plan view of the light-source device of 
Embodiment 2 (with respect to one half of its symmet- 
rical construction), and Fig. 10 is an enlarged view of 
portion A in Fig. 9. 

Fig. 11 is a plan view showing an optical path 
leading from the Embodiment 2 light-source device to 
light exit surface (with respect to one half of the sym- 
metrical construction of the device); Fig. 12 is an en- 
larged view of portion B in Fig. 11; and Fig. 13 is an 
enlarged view of portion C in Fig. 11. 

In this embodiment, as Fig. 7 shows, lightsources 
a are provided at opposite sides of an acrylic resin- 
made substrate 11. 

The light sources a in Fig. 7 are each similar in 
construction to the Embodiment 1 light source, as 
may be seen from Fig 15. 

While, in Embodiment 1, 36 light-emitting diode 
chips are arranged on a substrate having a length of 
270 mm, each light source in Embodiment 2, as 



shown in Fig. 15, comprises a 50 mm long substrate 
a1, 5 light-emitting diode chips a2 arranged thereon, 
and an epoxy resin element a3 having a planar sur- 
face and no lens-form convex portion. The light 

5 source a is mounted so that the light-emitting side 
thereof is in close contact with one side of the sub- 
strate 11 . Shown by 17 is a resistance element corre- 
sponding to the resistance 7 in Fig. 4. Numeral 18 
designates a feed connector, and 19 designates a 

10 leader. 

The surface of the light-pervious substrate 11 is 
of smooth surface construction, and throughout the 
surface the percentage of incident light that may con- 
tribute to light scattering is limited to less than 1%. 

15 Some part of a side of the light-pervious sub- 
strate 11 (hereinafter to be referred to as "optical cou- 
pling element"), which is designated by 12, is serrated 
as shown in Fig. 12. In the present embodiment, the 
inclination of serrated edge face of the optical cou- 

20 pling element is standardized at a predetermined an- 
gle within the angle ranges of a = 34 - 42 degrees and 
(3 = 0 - 90 degrees relative to Z axis. 

The serrated surface of the optical coupling ele- 
ment, as shown in Fig. 9, has a length of 1 0 mm to 20 

25 mm in the direction of Z axis and is divided into small 
regions as designated by f1 to f9 so that the surface 
inclination of the optical coupling element at these re- 
gions, relative to Z axis, is first decreased at a gra- 
dient of more than -1/20 mm but not more than +7/20 

30 mm and then becomes gradually steeper, when 
viewed from the light-source a side and toward the 
middle of the substrate (line C - C in Fig 9). 

These configurational features of the light- 
pervious substrate are integrally made into the 

35 shape by injection molding. 

The entire surface area of the serrated optical- 
coupling element 12, and the upper and lower sides 
of the light-pervious substrate 11 (portions shown by 
R in Fig. 9), over an area of 6 mm from each of the 

40 substrate ends to which light source a is mounted, 
have a reflector film formed thereon by aluminum 
sputtering, the reflector film providing a specular sur- 
face having a reflectance of the order of 0.87. 

Operation of the arrangement of the present em- 

45 bodiment will be described with reference to the 
drawings. 

A large part of light emitted from light source a is 
introduced into the interior of the light-pervious sub- 
strate 11 as shown in Fig. 11. 

so In the present embodiment, the refractive index 
of the acrylic resin material forming the light-pervious 
substrate 11 is about 1.49, and the critical angle at 
which total reflection occurs when light becomes in- 
cident from within the substrate on the boundary be- 

55 tween the substrate and the atmosphere is 42.3 de- 
grees. Therefore, light rays that have entered the in- 
terior of the light-pervious substrate 11 at an angle of 
not more than 47.7 degrees (90 - 42.3 degrees) rela- 
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tive to the optical axis (direction of Z axis) are all sub- 
ject to total internal reflection at upper and lower, and 
both side surfaces of the light-pervious substrate 11 
which are parallel to Z axis. 

The quantity of light emitted from the light source 
a in the present embodiment within an angle range of 
±47 degrees relative to the emission optical axis of 
the light source is more than about 70% of the total 
quantity of light emission from the source, and a larg- 
er part of the light rays emitted from the light source 
is confined within the interior of the light-pervious 
substrate 11 by total reflection at the upper, lower and 
side surfaces of the substrate 11. 

Light rays incident on the light-pervious substrate 
11, as Fig. 11 illustrates, will impinge upon the serrat- 
ed face of the optical coupling element 12 on the sur- 
face of the substrate 11, immediately after their entry 
into the substrate or after repetition of the process of 
total reflection at the upper, lower and side surfaces 
of the substrate. 

When the critical angle of substrate surfaces and 
maximum gradient of the optical coupling element 12 
(7/20 mm) are considered, the angle of incidence of 
light upon the optical coupling element 12 is within 
the range of +47.7 to -19.3 degrees relative to Z axis. 
Since the angle a of the serrated edge face of the. 
optical coupling element relative to Z axis is set at 34 
to 42 degrees as illustrated in Fig. 12, light rays re- 
flected from that face according to the reflectance 
(0.87) will become incident upon a light output surface 
16 provided in parallel to Z axis within an incidence 
angle range of -41 .7 to +41 .3 degrees. 

Since the critical angle at the light output surface 
1 6 is ±42.3 degrees, a larger part of the light reflected 
from the serrated edge face of the optical coupling 
element 12 is directed outward from the light- 
pervious substrate 11 without being subject to total 
reflection at the light output surface 16. 

The envelope configuration of the serrated edge 
face of the optical coupling element 12 is such that, 
as Fig. 11 illustrates, the gradient of the element is 
varied relative to light rays incident from the light 
source a side so as to permit a change in the area of 
serrated edge face of the optical coupling element 12 
per unit length thereof in the direction of Z axis. The 
rate of such gradient change is such that in proportion 
as the quantity of light emitted from the fight source 
a and incident on the optical coupling element 12 be- 
comes exponentially lowered as the light advances 
away from the light source, the gradient of the optical 
coupling element 12 will become exponentially steep- 
er so as to permit an exponential increase in the area 
of reflecting surface per unit length of the element 

In the vicinity of light source a, for further adjust- 
ment of the quantity of light, the surface on which the 
optical coupling element is formed is inclined in a di- 
rection away from the light source, that is, toward the 
middle of the substrate. 



In this manner, the quantity of light output from 
the light output surface 16 of the light-pervious sub- 
strate 11 is uniformly distributed throughout almost 
the whole area W with respect to the Z axis direction. 

5 Fig. 14 shows one example of light output distribution 
at a position 5 mm above the plane of light output in 
the present embodiment. 

Light rays directed outward from the light output 
surface 16 of the substrate 11 are focused onto a Un- 
to ear field 14, i.e., illumination subject, by a plastic-ma- 
de transparent cylindrical lens 1 3 disposed in front of 
the output surface 16. 

This cylindrical lens 13 is formed integrally with 
a frame 15 for fixing the light-pervious substrate 11, 

15 in position to enable focusing of light rays projected 
from the light-pervious substrate 11 onto the subject 
field 14 for illumination, as shown in Fig. 8. In Fig 7, 
the frame 1 5 is omitted, the lens 1 3 only being shown. 
As may be seen from the description of Embodi- 

20 ment 2, a larger part of the light emitted from the light 
source comprising a light-emitting semiconductor ele- 
ment is introduced into the interior of the light- 
pervious substrate and, after frequent repetition of 
the process of reflection at interior surfaces of the 

25 substrate, light rays are output through the optical 
coupling element which has desired light deflecting 
characteristics. Therefore, in the case where a plur- 
ality of light-emitting elements are employed as the 
light source, light rays emitted from individual iight- 

30 emitting elements are spatially mixed within the sub- 
strate, which results in considerable improvement in 
the effect of luminance variations between individual 
light-emitting elements upon spatial luminance dis- 
tribution in the subject field being illuminated. 

35 By virtue of such functional merits, the line illu- 

mination unit of Embodiment 2 eliminates the neces- 
sity of separate adjustment with respect to individual 
light-emitting elements for correcting output varia- 
tions among the plurality of light-emitting elements, 

40 which adjustment has been required in the past. In ad- 
dition, it is no longer necessary to effect diffusion of 
light at the collector lens level as a counter measure 
against possible decrease in illuminance (ripple) at 
gap positions between individual light-emitting ele- 

45 ments. more efficient utilization of light being thus 
possible. 

Another advantage of the embodiment is that a 
light-emitting element unit equipped with a package 
including a concave mirror for reflecting output light 

so in a specified direction is employed as a light-source, 
which fact enables highly efficient light coupling to 
the light-pervious substrate and thus provides for im- 
provement in the utilization of light. 

Furthermore, the spatial intensity distribution of 

55 output light at output surfaces of the substrate can be 
suitably designed within a certain range by properly 
designing the configuration of the light-pervious sub- 
strate and the specification of the light coupling ele- 
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menton the substrate. Therefore, it is possible to pro- 
vide comparatively easily line illumination units hav- 
ing given optical output distribution characteristics, as 
well as line illumination units having uniform output 
characteristics. It is thus possible to develop finer- 
spun specifications better suited for a variety of uses. 

Embodiment 3 

Fig. 16 is a perspective view of a light-source de- 
vice representing Embodiment 3 of the invention; Fig. 

1 7 is a perspective view showing parts in Fig. 16; Fig. 

18 is a plan view showing parts in Fig. 17; Fig. 19 is 
an enlarged view showing parts in Fig. 17; Fig. 20 is 
a perspective view of a light source employed in the 
light-source device of Embodiment 3; Fig. 21 is a sec- 
tional view showing parts in Fig. 20; Fig. 22 is an ex- 
planatory view showing an optical path in the Em- 
bodiment 3 light-source device; and Fig. 23 is a lumi- 
nance distribution curve with respect to the Embodi- 
ment 3 light-source device. 

In the light-source device of this embodiment, 
light sources 26 are provided at opposite ends of an 
acrylic resin-made substrate 25 of rectangular shape, 
as shown in Fig. 1 6. 

Each light source 26 of the light-source device 
shown in Fig. 16 comprises a resin-made case 32 
having electrical insulation properties, and a plurality 
of light-emitting diodes 29 (ten in number in the pres- 
ent embodiment) packaged in the case, and a metal 
film 31 formed on the surface of the resin case 32 
which constitutes a wiring pattern, the metal film be- 
ing electrically connected to individual light-emitting 
diodes 29. The light source 26 is mounted so that its 
light-emitting side is in contact with one end 21 of the 
substrate 25 (Fig. 17). 

In Embodiment 3, the length of the substrate 25 
shown in Fig. 17 is 270 mm in the longitudinal direc- 
tion (X direction), and the size of the end 21 to which 
the light source is mounted is 10 mm in Y direction and 
4 mm in Z direction. 

The upper surface of the light-pervious substrate 
25 is wholly of smooth construction, and on all surfac- 
es of the substrate, the percentage of incident light 
that contributes to light scattering is limited to less 
than 1%. 

A portion 22 of one side of the light-pervious sub- 
strate 25 (hereinafter referred to as optical coupling 
element) is serrated as illustrated in Fig 1 9. In this em- 
bodiment, the inclination of the serrated edge face of 
the optical coupling element 22 is standardized at a 
predetermined angle within an angular range of a = 
35 to 45 degrees and p = 35 to 45 degrees relative to 
X axis. The pitch of serration is set at a value of p = 
less than 1 mm. 

The surface formed with such serration, as Fig. 
18 shows, comprises an optical coupling element 22 
and flat 24. The optical coupling element 22 is of such 



arrangement that, when viewed in the longitudinal di- 
rection (X direction), the area per unit length of its re- 
flective surface becomes larger as the surface is pos- 
itionally more distant from the one end to which a light 
5 source is mounted. It is to be noted, however, that in 
order to provide illumination of uniform intensity at the 
subject illumination field, the areas of individual re- 
flective surfaces are set so that the sum of quantities 
of light incident upon one reflective surface will be 
10 constant with respect to all reflective surfaces. 

The light-pervious substrate 25, being of such 
construction as above described, is integrally fabri- 
cated by injection molding from a resin material, such 
as acrylic resin. The serrated surface of the optical 
15 coupling element 22 has a reflective film laid thereon 
by aluminum sputtering which provides a mirror sur- 
face having a reflectance of the order of 0.87. 

Operation of the embodiment will be described 
with reference to the relevant drawings. 
20 A larger part of light emitted from each of the light 
sources 26 mounted to the light-pervious substrate 
25 is introduced into the interior of the substrate 25, 
as shown in Fig. 22. 

In the present embodiment, the acrylic resin ma- 
25 terial from which the light-pervious substrate 25 is 
formed has a refractive index of abut 1 .49, and when 
light becomes incident from the interior of the sub- 
strate upon the boundary between the substrate and 
the atmosphere, the critical angle at which total re- 
30 flection will occur is 42.3 degrees. Therefore, light 
rays entering the interior of the light-pervious sub- 
strate 25 at an angle of not more than 47.7 degrees 
(90 - 42.3 degrees) are all subject to total internal re- 
flection at upper, lower and side surfaces of the sub- 
35 strate 25 which are parallel to X axis. 

The quantity of light projected within the angle 
range of ±47 degrees relative to the optical axis of a 
light beam emitted from the light source 26 used in the 
embodiment corresponds to more than about 60% of 
40 the total quantity of light emission, and thus a larger 
part of light rays emitted from the light source is con- 
fined within the interior of the substrate through total 
internal reflection from the surface of the light- 
pervious substrate 25 upper, lower and side surfaces 
45 thereof. 

Lightrays incident on the light-pervious substrate 
25 strike directly, or after repeated process of total in- 
ternal reflection at upper, lower and side surfaces of 
the substrate, against the serrated surface of the opt- 
so ical coupling element 22 formed on the surface of the 
substrate 25, as illustrated in Fig. 22. 

Since the critical angle on the light output surface 
23 is ±42.3 degrees, a larger part of light beams re- 
flected from the serrated surface of the optical cou- 
55 pling element 22 is directed outward from the light- 
pervious substrate 25 without being subject to total in- 
ternal reflection from the light output surface 23. 
In this way, the quantity of light output from the 
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light output surface 23 of the light-pervious substrate 
25 is uniformly distributed throughout the entire re- 
gion as viewed in the direction of X axis. Fig. 23 shows 
an example of light output distribution over the light 
output plane in the present embodiment. s 

As may be understood from the above descrip- 
tion of Embodiment 3 f a larger part of light emitted 
from the light source which comprises a semiconduc- 
tor light-emitting element, after the light is introduced 
into the interior of the light-pervious substrate, is re- 10 
petitively subjected to the process of reflection from 
interior surfaces of the substrate and is then directed 
outward via the optical coupling element which has 
given light deflection characteristics. Therefore, even 
where a plurality of light-emitting elements are em- 15 
ployed as the light source, light rays emitted from re- 
spective light-emitting elements are spatially mixed 
within the substrate, and thus the effect of luminance 
variations, if any, among individual light-emitting ele- 
ments upon the spatial luminance distribution over 20 
the area being Illuminated can be substantially im- 
proved. 

By virtue of such functional characteristics, the 
light-source device of Embodiment 3 eliminates the 
necessity of making adjustment against output varia- 25 
tions among the plural light-emitting elements sepa- 
rately with respect to individual light-emitting ele- 
ments, which adjustment has been required with con- 
ventional light-source devices. Further, it is no longer 
necessary to resort to the practice of light diffusion 30 
with the collector lens as counter measures against a 
decrease in illuminance (ripple) at gaps between in- 
dividual light-emitting elements, it being thus possible 
to achieve more efficient light utilization. 

35 

Embodiment 4 

Fig. 24 is an enlarged view showing a portion of 
a light-source device representing Embodiment 4 of 
the invention to which is mounted a light source Fig. 40 
25 is an explanatory view showing an optical path in 
that embodiment 

Fig. 26 is a diagrammatic representation showing 
directional characteristics of light rays from a light out- 
put plane. Fig. 26 (a) showing directional characters- 45 
tics of output rays relative to Z axis in Embodiment 3, 
Fig. 26 (b) showing directional characteristics of out- 
put rays relative to Z axis in Embodiment 4. 

Embodiment 4 is different from Embodiment 3 in 
that one end 21 to which the light source is mounted so 
is configured to be reverse- tapered when viewed from 
the light-source mount side, but in other respects it is 
the same as Embodiment 3. 

Operation of the Embodiment 4 device will be de- 
scribed with reference to the drawings. 55 

As Fig. 25 illustrates, some of the light rays emit- 
ted from the light source 26 which have gone astray 
largely from the optical axis (X axis) is caused to be 



reflected from the tapered surface for being oriented 
along the optical path in its travel. In contrast, a light 
ray which does not strike on the tapered surface is not 
so much away from the optical path in its travel. As a 
result, light beams advancing within the substrate are 
aligned and directionally better oriented. 

The surface of that tapered side which has a nor- 
mal component perpendicular to Z axis provides im- 
proved directional characteristics relative to Y axis for 
light rays travelling within the interior of the substrate 
25, and the surface of that tapered side which has a 
normal component perpendicular to Y axis provides 
improved directional characteristics relative to Z axis 
for light rays travelling within the interior of the sub- 
strate 25. All such light rays are reflected from the ser- 
rated surface of the optical coupling element and are 
then directed outward. As such, it is possible to obtain 
highly directional illumination. 

Optical directional characteristics of Embodiment 
3 are illustrated in Fig. 26 (a). According to the ar- 
rangement of Embodiment 4, as shown in Fig. 24, the 
light-pervious substrate is tapered and this provides 
for enhancement of directional characteristics of illu- 
mination from the level of Fig. 26 (a) to the level of Fig. 
26 (b). 

Because of such functional characteristics, light 
rays from the light source can be more effectively util- 
ized for illumination of linear fields. 

The spatial luminance distribution at the output 
plane of the substrate with respect to output light rays 
may be freely determined within a reasonable range 
by properly designing the configuration of the light- 
pervious substrate and specification of the optical . 
coupling element on the substrate. Therefore, it is not 
only possible to provide light-source devices having 
uniform output characteristics, but also to provide 
comparatively easily light-source devices having any 
other optical output distribution characteristics as de- 
sired. This no doubt leads to development of particu- 
lar specifications better suited fora variety of applica- 
tions. 

According to the invention, it is possible to utilize 
light from the light source (light-emitting element) 
very effectively for illumination. 

Further, where light-emitting elements are em- 
ployed in plurality as the light source, the intensity of 
light therefrom can be uniformly distributed. 



Claims 

1. A light source device comprising an elongate 
light transmissive member of rectangular section and 
a light source being arranged at a first surface of the 
elongate member to introduce light into the member, 
the member having a second surface which is light re- 
flective and serrated. 

2 A light source device as claimed in claim 1, 
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wherein the rectangular section changes in width 
along the length of the elongate member to define a 
substantially V-shaped profile in said second surface. 

3. A light source device as claimed in claim 1, 
wherein the rectangular section is substantially uni- 
form along the length of the elongate member and 
the second surface has serrations which increase in 
length with progressive distance from the light 
source. 

4. Alight source device comprising a light source 
and a light-pervious flat board, the light source being 
optically con nected to one side of the flat board for in- 
troduction of light into the flat board so that the incom- 
ing light is caused to be reflected from other side of 
the flat board therewithin for being directed outward 
from the flat board, the light reflecting side of the flat 
board being indented to provide a surface having a 
serrated sectional configuration. 

5. A light-source device of claim 4, in which the 
light source comprises a substrate having a recess 
formed in the surface thereof, light-emitting diodes 
arranged on the bottom of the recess, and a conduc- 
tive reflective film formed on the surface of the re- 
cess, the light-emitting diodes being electrically con- 
nected to an external power source via the conductive 
reflective film. 

6. Alight-source device of claim 5, in which the 
conductive reflective film is divided into two seg- 
ments, the anodes and cathodes of the diodes being 
connected to the external power source via one of the 
segments and the other segment, respectively. 

7. Alight-source device of claim 4, in which the 
surface serrated in sectional configuration is made 
larger in area in proportion as the surface is more dis- 
tant from the light source. 

8. A light-source device of claim 7, in which the 
light source comprises a substrate having a recess 
formed in the surface thereof, light-emitting diodes 
arranged on the bottom of the recess, and a conduc- 
tive reflective film formed on the surface of the re- 
cess, the light-emitting diodes being electrically con- 
nected to an external power source via the conductive 
reflective film. 

9. A light-source device of claim 8, in which the 
conductive reflective film is divided into two seg- 
ments, the anodes and cathodes of the diodes being 
connected to the external power source via one of the 
segments and the other segment, respectively. 

10. Alight-source device of claim 4, further com- 
prising a light-pervious flat board being flared from 
the light source to the side of the light-pervious flat 
board and interconnecting the light source and the 
side of the light-pervious flat board for introduction of 
light into the light-pervious flat board. 

11. Alight-source device of claim 10, in which the 
light source comprises a substrate having a recess 
formed in the surface thereof, light-emitting diodes 
arranged on the bottom of the recess, and a conduc- 



tive reflective film formed on the surface of the re- 
cess, the light-emitting diodes being electrically con- 
nected to an external power source via the conduc- 
tive reflective film. 

5 12. Alight-source device of claim 11, in which the 

conductive reflective film is divided into two seg- 
ments, the anodes and cathodes of the diodes being 
connected to the external power source via one of the 
segments and the other segment, respectively. 

10 13. Alight-source device of claim 7, further com- 
prising a light-pervious flat board being flared from 
the light source to the side of the light-pervious flat 
board and interconnecting the light source and the 
side of the light- pervious flat board for introduction of 

15 light into the light-pervious flat board. 

14. Alight-source device of claim 13, in which the 
light source comprises a substrate having a recess 
formed in the surface thereof, light-emitting diodes 
arranged on the bottom of the recess, and a conduc- 

20 tive reflective film formed on the surface of the re- 
cess, the light-emitting diodes being electrically con- 
nected to an external power source via the conduc- 
tive reflective film. 

15. Alight-source device of claim 14, in which the 
25 conductive reflective film is divided into two seg- 
ments, the anodes and cathodes of the diodes being 
connected to the external power source via one of the 
segments and the other segment, respectively. 

30 
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